abstract BACKGROUND AND OBJECTIVE: Infant formula is supplemented with long-chain polyunsaturated fatty acids (LCPUFAs) because they are hypothesized to improve cognition. Several randomized controlled clinical trials have examined the effect of LCPUFA supplementation of infant formula on cognitive development. We conducted this metaanalysis to examine the efficacy of LCPUFA supplementation of infant formula on early cognitive development.
Infant formula is the main source of energy and nutritional requirements for many infants during the first 12 months of life. The Food and Drug administration estimates that 40% of infants are formula-fed at 3 months, 50% at 6 months, and .75% at 1 year. 1 Many studies have suggested that breastfed children have higher intelligence quotient scores than their formula-fed counterparts. 2 It is currently debatable whether these differences are due to the actual nutritional differences between breast milk and formula or confounding by other factors. Breastfeeding mothers have been demonstrated, on average, to have higher intelligence and larger incomes and spend more time with their infants than formula-feeding mothers. [3] [4] [5] Any of these factors are potential confounders of the association between breastfeeding and improved cognition in children.
Long-chain polyunsaturated fatty acids (LCPUFAs) have been hypothesized as a difference between breast milk and infant formula that could be responsible for the differences in cognitive development observed between groups. LCPUFAs are vital for the integrity of cell membranes of different body tissues. Two main LCPUFAs, docosahexaenoic acid (DHA) and arachidonic acid (AA), play a critical role in development and growth during pregnancy and early childhood. 6 DHA and AA are derived mainly from their precursors, a-linolinic acid (ALA), an omega-3 fatty acid, and linoleic acid (LA), an omega-6 fatty acid, respectively. Both of the latter fatty acids cannot be synthesized by the body de novo owing to a lack of D-12 and D-15 desaturases, 7 and they are required in the diet. Early in pregnancy, LCPUFAs such as DHA and AA are able to cross the placenta to the fetus. Although human fetuses can synthesize DHA and AA from their precursors after 26 weeks' gestation, the amount of these LCPUFAs synthesized ranges widely between infants, approaching 0 in some. [8] [9] [10] Postnatally, these fatty acids are supplied in breast milk, which contains both LCPUFA and its metabolites; however, the breast milk of different mothers contains different amounts of LCPUFA that varies widely. 11, 12 Infants fed formula deficient in LCPUFAs have significantly lower levels of DHA and AA in plasma or red blood cells compared with those who were breastfed or who were fed formula supplemented with LCPUFA. [13] [14] [15] [16] Furthermore, a clear dose-response relationship between level of DHA and AA supplementation in infant formula and DHA and AA levels in erythrocyte membrane phospholipids has been established. 17 An estimated 30-fold increase in the amount of DHA and AA in the infant forebrain occurs between the last trimester of pregnancy and the first 2 years of life. 18, 19 A series of randomized, double-blinded, placebo-controlled trials have been conducted in recent years to determine whether infants fed formula supplemented with LCPUFAs would have improved performance on measures of cognition compared with infants fed typical formula. Results of these trials have varied widely, with some trials demonstrating improved cognitive abilitiesin infantsfed formula supplemented with LCPUFAs 14,20-23 and other trials demonstrating no effect. [24] [25] [26] [27] [28] [29] We conducted a meta-analysis with a goal to establish whether supplementing infants with formula enriched with LCPUFA would improve cognitive outcomes at ∼1 year of age compared with infants fed nonenriched formula. We also used metaregression to examine the effect of doses of LCPUFA in supplements, duration of supplementation, and study quality on cognitive outcomes.
METHODS

Search Strategy
All meta-analytic methods and sensitivity analyses were specified before conducting the meta-analysis but were not registered online. and Infant Formula" in Scopus, and "Fatty Acids and Infant Formula" in PsychInfo. Our search in PubMed was limited further by using the randomized controlled trial and meta-analysis filters. The bibliographies of related review articles and included articles also were searched for additional eligible citations. Authors of some articles were contacted for missing information when necessary. There were no limitations based on the language of publication.
Inclusion Criteria
The inclusion criteria of our metaanalysis were (1) randomized controlled trials assessing infant formulas with LCPUFAs compared with unsupplemented formula, (2) trials assessing infant cognition by using a version of the Bayley Scales of Infant Development (BSID), 30, 31 (3) supplementation starting within 1 month after birth, and (4) studies that were published in a peer-reviewed journal. Identification of peer-reviewed journals was through the global serials directory ULRICHSWEB. 32 Randomized controlled trials were considered to be so if the investigator defined them as such in the methods section of the article.
Meta-analysis Procedure
To extract data from included articles, we used Excel spreadsheets (Microsoft Corporation, Redmond, WA). Data extracted included start and duration of supplementation, dose and source of LCPUFA, ratings of trials using the Jadad scale, 33 sample size, and infant cognition as assessed by the BSID. Our main outcome was BSID total score.
When trials reported cognitive assessments for .1 time point, only the assessment closest to 12 months was used. The closest BSID assessments for trials ranged from 8 to 16 months. We made this decision because a preponderance of trials assessed cognition at ∼12 months and also to avoid overweighting samples that were assessed at multiple time points. As secondary analyses, we also examined the improvement on the Mental Development Index (MDI) and Psychomotor Development Index (PDI) subscales of the BSID separately.
Publication bias was assessed by plotting the effect size against sample size for each trial (funnel plot). 34 We also assessed publication bias by conducting a meta-regression in which the association between sample size and effect size was tested. Heterogeneity of treatment response was assessed visually from the forest plot of weighted mean differences (WMDs) and relative risk of individual studies. Statistical estimates of heterogeneity also were assessed using the I-square heterogeneity statistic in Review Manager (RevMan 5.1; The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). We conducted a sensitivity analysis to examine our decision to use a random-effects rather than a fixedeffects model for meta-analysis.
For secondary analyses, we performed several subgroup analyses and metaregression. Stratified subgroup analysis in RevMan was used to assess the effects of (1) term versus preterm status, (2) methodologic quality of trials (Jadad score $4 versus Jadad score ,4), and (3) method of analysis (completers versus intention-to-treat). We used the test for subgroup differences in RevMan to determine whether subgroups reduced overall heterogeneity. 35 Meta-regression was performed in SPSS 19.0 (SPSS Inc, Chicago, IL) by using linear regression. To examine the association between LCPUFAs and continuous variables such as (1) dose of LCPUFA, (2) trial duration, and (3) sample size, we used a meta-regression technique. For meta-regression, mean difference of BSID score improvement with supplementation was the dependent variable, and our variable of interest was the independent variable. Studies were weighted by using the generic inverse-variance technique. Doses examined included DHA, AA, and eicosapentaenoic acid (EPA). We also examined ratio of AA:DHA in supplementation. Our P value of significance threshold was selected to be ,.05 for the primary analysis and for all subgroup analyses and meta-regression. Any significant findings in secondary analysis should be regarded as exploratory because we did not adjust for inflation of false-positive error from our 10 secondary analyses.
RESULTS
We identified 286 articles, 12 of which met the inclusion criteria for our review. Figure 1 is a flow diagram depicting the reasons for exclusion of the identified studies. The characteristics of included trials are shown in Table 1 . We identified 12 trials involving 1802 participants. Two of 12 studies 36,37 reported a significant benefit of supplementation with LCPUFAs on cognition. One study 23, 38 showed a positive benefit of supplementation on some but not all subscales of the BSID. Nine of 12 trials 14, 22, 25, 26, 28, [39] [40] [41] showed no effect of supplementation on cognition.
The Efficacy of LCPUFAs on Infant Cognition
Meta-analysis of 12 trials involving 1802 participants demonstrated no significant effect of LCPUFA supplementation of formula on infant cognition (WMD = 0.75; [95% confidence interval (CI): 20.48 to 1.98]; z = 1.19, P = .23). Figure 2 depicts a forest plot comparing the difference between BSID scores between the LCPUFA group and the control group. There was modest heterogeneity between trials that did not reach statistical significance (x 2 = 17.86, df = 11 [P = .08]; I 2 = 38%). There was no evidence of publication bias as depicted on a funnel plot (Fig 3) . Meta-regression also demonstrated no significant association between measured study effect and sample size (b = 2.005 [95% CI: 20.019 to 0.010], 
Effect of Supplementation on Preterm Versus Term Infants
Stratified subgroup analysis demonstrated no significant effect of preterm compared to term infant status on effect of LCPUFA supplementation on cognition (test for subgroup differences: x 2 = 2.45, df = 1, P = .12, I 2 = 59.2%). LCPUFA supplementation in formula did not demonstrate significant benefit in either term or preterm infants. Figure 5 depicts a forest plot of the effects of LCPUFA supplementation of formula in these subgroups. 
Methodologic Quality of Trials
Stratified subgroup analysis did not demonstrate any significant difference 
Method of Analysis
Stratified subgroup analysis did not demonstrate any significant difference in the reported efficacy of LCPUFA supplementation based on whether intention-to-treat or completers' analyses were used (test for subgroup differences: x 2 = 0.21, df = 1, P = .65, I 2 = 0%). LCPUFA supplementation did not show significant benefit in improving infant cognition in either the trials that used an intention-to-treat (WMD = 1.55 [95% CI: 20.65 to 3.74], z = 1.38, P = .17) or completers' analyses (WMD = 0.78 [95% CI: 21.69 to 3.25], z = 0.62, P = .54).
DISCUSSION
Our meta-analysis involving 12 trials and .1800 infants demonstrated no significant association between LCPUFA supplementation of infant formula and cognitive development at ∼1 year of age. Based on the precision of estimated CIs, our meta-analysis provided strong evidence to suggest that LCPUFA supplementation does not have more than a minimal effect on infant cognition at the age of ∼1 year. The results of our meta-analysis are similar to other recent meta-analyses that showed no significant benefit of LCPUFA supplementation of formula for the cognitive development of premature infants. [42] [43] [44] Although our meta-analysis demonstrates no significant benefit of LCPUFA supplementation of formula on infant cognition, other important aspects of development, such as visual acuity and immune function, may be influenced by LCPUFA supplementation. There also remains the possibility that LCPUFA could impact later cognitive development or more specific aspects of cognitive development such as attention, information processing, mood, or behavior.
Doses of DHA and AA and the AA:DHA ratio varied widely among included trials. Current recommendations for LCPUFA supplementation of infant formula is to provide the formula with at least 0.2% of DHA and a similar or higher dose of AA, maintaining a ratio of at least 1:1. 6, 45, 46 Meta-regression of the dose of DHA, AA, and EPA as well as examining the AA:DHA ratio failed to demonstrate
FIGURE 2
Effect of LCPUFA supplementation on infant cognition. This forest plot compares the difference between BSID scores of infants who were fed formula with LCPUFA supplementation and infants fed unsupplemented formula. There was no significant effect of LCPUFA supplementation on BSID score. IV, inverse-variance method.
FIGURE 3
Funnel plot evaluating publication bias. This funnel plot graphs trial variance (SE) versus effect size (mean difference [MD]), which is designed to evaluate the presence of publication bias among trials included in this meta-analysis. The funnel plot appears symmetrical, indicating no evidence of publication bias.
REVIEW ARTICLE PEDIATRICS Volume 129, Number 6, June 2012any significant association with measured efficacy of LCPUFA supplementation of infant formula. We cannot rule out the possibility, however, that higherorder, more subtle interaction of dosing between individual LCPUFA could be responsible for the observed heterogeneity between some trials. A metaanalysis involving individual patient data would be much more powerful to examine potential moderators of treatment effects but is not feasible based on the information currently available from trials. Another potential moderator that would be worth examining using metaanalysis of individual patient data is the effect of the gene cluster FADS1 FADS2 that encodes for the 2 enzymes D-5 and D-6 desaturases. These enzymes are responsible for the elongation and desaturation of shorter fatty acids into LCPUFAs. 47 Carriers of minor alleles in this gene cluster have higher levels of a-linolinic acid and linoleic acid and decreased levels of LCPUFAs, including AA and DHA. 48 Limitations of our meta-analysis included the combining of trials that used multiple different versions of the BSID. There may be some systematic differences when assessing cognition with different versions of the scale. 42, 49 Although the BSID is the most widely used to assess infant cognition, the BSID's main use is to detect delays in neurodevelopment, and it may be less sensitive to detecting more subtle differences in cognitive ability. 49 Researchers have argued that other scales that measure specific areas of cognition, such as attention and information processing, may be more sensitive to the effects of LCPUFA supplementation. 50 Several cognitive tests were used in excluded trials to test cognition. These tests included the Fagan test of infant intelligence that assesses information processing, 23 ,51,52 MacArthur communicative Development Inventories, 23 and problemsolving assessment. 53 Including these trials that used these scales in the meta-analysis would have been inappropriate because they would substantially increase the likely heterogeneity between trials (their outcome would have measured different areas of cognition), and the results would have been harder to interpret and less clinically meaningful.
The validity of the meta-analysis is also always limited by the quality of the included trials. The trials included in this meta-analysis were, on the whole, of good quality, although some trials did not properly account for dropout and may not have described adequate safeguards to ensure concealment of allocation and blinding. The use of the generic inverse-variance methods to weight trials in this meta-analysis also tended to apply more weight to trials involving term infants rather than preterm infants, because they have less variance in cognitive development. For instance, a trial that examined the effects of LCPUFA in a group of 361 low birth weight and physically ill children contributed almost the same weight as a trial of 42 healthy, term infants because of large differences in the variance of cognitive development outcomes. 37, 41 Research suggests that breastfed infants score 3 to 5 points higher on measures of cognitive development than infants fed formula. The differences in cognitive development between breastfed and formula-fed infants were a substantial motivating factor in adding LCPUFA to infant formulas. Our results suggest that LCPUFA differences between breast milk and infant formulas may not be a significantly contributing factor. Other potential differences between breast milk and formula, such as the antimicrobial, antiinflammatory, and immunomodulatory properties of breast milk, should be investigated. 54 The difference in cognitive development seen between breastand formula-fed infants may not be caused merely by composition differences between breast and formula milk, per se. Breast feeding also may promote maternal-infant bonding. Research has shown that breast-fed infants not only had better neurobehavioral profiles as opposed to their formula-fed peers but also were more alert during social interactions, and their mothers provided more affectionate touch. 3 Neuroimaging studies also have demonstrated that breastfeeding mothers have greater activation in response to their babies' cry in brain regions associated with maternalinfant bonding than formula-feeding mothers. 55 in children within the first 2 years of life. March 20, 2012) , two recent studies demonstrate the benefit of aspirin in the prevention or progression of cancers in adults.
The first study analyzed the data from 51 randomized controlled trials originally designed to examine the effect of daily low-dose aspirin on death due to vascularrelated events. The researchers found that after three years, those men and women taking aspirin were 25% less likely to have developed cancer than those not taking aspirin. At five years, those taking aspirin were one-third less likely to have died of cancer. A second study reviewed the data on incident cancers from five large randomized controlled trials of daily aspirin use conducted in Great Britain. The authors found that daily low dose aspirin for six years reduced the risk of metastatic cancer by a third and the risk of adenocarcinomas by almost one half. While daily doses of aspirin have been linked with an increased risk of gastrointestinal bleeding and hemorrhagic stroke, both studies showed that the risk of hemorrhagic stroke in aspirin users was actually less than in those not taking aspirin. Furthermore, the overall risk of bleeding in aspirin users diminished over time. While many are cautiously optimistic that aspirin can be added to our anti-cancer arsenal, many questions remain. Two large U.S. studies failed to demonstrate any benefit to aspirin given every other day and were not included in the meta-analysis. Still, the data are intriguing. Maybe we will soon advise adults not only to have an apple a day but a baby aspirin a day as well.
